Physiology informs us of the diversity of life and the various functional strategies for sustaining health and surviving within our environment. In this context, this issue of Physiology explores remarkable physiological strategies for life. For example, in the first review in this issue, we explore echolocation, which is found in more than a quarter of all mammalian species and is used to locate their prey in dark environments. Echolocation occurs in both air and water environments, and the functional convergence of biosonars in bat and toothed whale provides insight into important evolutionary strategies for life. In another review, we examine the diving response in mammals, which is a mysterious "normal" behavior that overrides important homeostatic cardiopulmonary reflexes. Obviously, in aquatic mammals, the diving response provides a survival strategy, but in humans, its persistence appears more perplexing than beneficial and may in fact be maladaptive, underlying various pathophysiological conditions. Physiological adaptations to nutrient supplies are critical for sustaining life, and in another review in this issue, we evaluate potential molecular mechanisms for governing metabolic activity to match nutrient supply. The enteric nervous system controls gastrointestinal motility, ensuring movement and absorption of nutrients through our gut. Of all physiological systems, we are aware of gastrointestinal motility only when things go wrong, leading to considerable discomfort. Our physiological systems operate optimally at a narrow range of pH, and a variety of strategies have evolved to ensure homeostatic control of pH. A strategy for life we all can adopt is regular exercisethe true best medicine, a "polypill" for health and wellness.
Through a remarkable evolutionary convergence, bats and toothed whales have evolved surprisingly similar means to actively probe their environment with ultrasound and govern changes in their motor patterns through information carried by the returning echoes. Such active sensing is different from other normal sensory modalities because the echolocating animal actively delivers the energy that it ultimately senses. Thus the information flow available for perception is governed by the properties and emission rate of sound pulses. Through research in comparative physiology, we have learned a lot about how bats and toothed whales organize sensory information flow by analyzing recorded sound pulses of echolocating animals while they update their auditory scene. Little attention, however, has been paid to how these two very different groups of mammals have solved the same fundamental problems of sensing with sound. In their review (4), Madsen and Surlykke summarize recent advances in field studies showing that bats and toothed whales in the wild use their biosonars in ways never seen in laboratory settings, emphasizing that true physiological dynamics of animals in question may only be uncovered through a synergy of laboratory and field studies.
The mammalian diving response is induced by underwater submersion, especially of paranasal areas. It is a remarkable enigmatic behavior that appears to have evolved to promote survival by overriding basic homeostatic reflexes such as the respiratory chemoreceptor and baroreceptor reflexes. The diving response is found in humans, especially in neonates, and induces a dramatic bradycardia, peripheral vasoconstriction, and apnea similar to that seen in other mammals. The role of the diving response is clearer in pelagic mammals, where several physiological adaptations developed to conserve intrinsic O 2 stores. In contrast, in other mammals, the benefit of the diving response is less clear and in fact may be maladaptive. In his review (5), Panneton compares the diving response in aquatic and nonaquatic mammals. Importantly, he emphasizes the fact that this comparative physiological research has implications for understanding human disease in conditions such as Sudden Infant Death Syndrome, sleep apnea, cardiac arrhythmias, and migraine headaches.
Nutrient availability is a major driver of cell growth, and continuous adaptation to nutrient supply is critical for the development and survival of all organisms. Yet, an understanding of the molecular mechanisms for nutrient sensing is only beginning to emerge. In their review (6), Saad and colleagues highlight recent advances in the field and discuss emerging physiological principles that govern how metabolism might regulate growth-promoting pathways as well as signaling functions of metabolic enzymes not directly related to their metabolic activity. Mutations in nutrientsensitive signaling pathways are associated with the development of a variety of diseases, including cancer and diabetes, and may prove to be the metabolic basis of other, seemingly unrelated disorders, such as neurodegenerative diseases. Due to the high conservation of nutrient-sensitive pathways and the experimental advantages of simple model organisms such as yeast, research in this area should be supplemented by studies from different systems and is instrumental in furthering the understanding of cellular physiology and aiding the development of novel therapies in associated disease states.
Disorders of gut function are remarkably common in modern society. Among several mechanisms controlling gut motility, electrical slow waves generated by interstitial cells of Cajal (ICC) play a fundamental role. Slow-wave dysfunction has long been associated with functional gut disorders, but cellular mechanisms have only recently been described, including ICC loss, network degradation, and channelopathies. In their review (2), Cheng and colleagues argue for the utilization of multi-electrode mapping and multi-scale modeling, two emerging bioengineering strategies pioneered in cardiac electrophysiology, to quantify normal and abnormal patterns of gut electrical activation and gut function. Further elucidation of human gastric slow-wave activation and development of a "virtual gut" for in silico hypothesis testing may lead to therapies that can lessen the substantial burden of suffering and economic cost imposed by disorders of gut function.
Cellular and subcellular pH homeostasis is essential for life, and various physiological strategies have evolved to control pH. The vacuolar H ϩ -ATPase (V-ATPase) is a multisubunit enzyme complex that plays a key role in acidifying intracellular organelles. In addition, some specialized cells in various organs and tissues also express high levels of the V-ATPase in their plasma membrane. These cells secrete protons into extracellular compartments to regulate physiologically important processes, including systemic acid/base balance, male fertility, bone remodeling, smell, and hearing. Mutations in some V-ATPase subunits cause renal distal tubular acidosis, kidney stones, proteinuria, deafness, olfactory dysfunction, osteopetrosis, and osteoporosis. Most V-ATPase-rich cells respond to both hormonal and nonhormonal cues to regulate extracellular acidification, involving activation of signal transduction pathways that control recycling of the V-ATPase between the cell surface and intracellular vesicles. In their review (1), Breton and Brown address our current knowledge of V-ATPase regulation derived from studies of renal protonsecreting intercalated cells, which are involved in systemic pH homeostasis, and more recently from clear cells in the epididymis of the male reproductive tract, which are involved in sperm maturation and storage.
Despite ground-breaking advances in pharmacology, western societies are experiencing a pandemic of cardio-metabolic diseases. In their review (3), Fiuza-Luces and colleagues summarize epidemiological evidence for the preventive and therapeutic benefits of physical activity. Regular exercise has a profound upregulating effect on hundreds of genes involved in tissue maintenance and homeostasis. Progress in proteomics and other techniques is allowing identification of novel myokines and also unraveling the fact that the effect of many molecules can vary depending on their tissue of origin and the metabolic state (rest vs. exercise) during which they are secreted to the bloodstream. Exercise causes muscles to secrete bioactive molecules, resulting in multi-systemic, largely dose-dependent benefits with little adverse effects. Further study could provide a new understanding of the pathophysiology of diseases and aging and the therapeutic benefits of exercise. In addition, molecules secreted as a result of stimuli from regular exercise could be the target of new therapies. Ⅲ
